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Abstract
1. By using a monolayer of tissue culture cells, JTC-3, JTC-3’, JTC-3” and HeLa cells,
the assays of neotetrazolium (NT) reduction at the cell level have been conducted on the cells
without detaching the cells from the culture glass vessel wall. 2. It has been found that the
activity of endogenous NT reductase is extremely high in the living tissue culture cells. The
endogenous NT reductase activity is found to be in the descending order of HeLa > JTC-3’ >
JTC-3 > JTC-3”. The endogenous NT reductase activity increased in the medium having a low
level of proteins and decreased in the absence of yeast extract. 3. It has been demonstrated
that most of the endogenous NT reduction in the JTC-3 cell groups takes place at the step of
flavoprotein in the NADHdiaphorase system, and a portion of it occurs being coupled with the
ubiquinone step. In contrast, in HeLa cell it is p:>stulated that aside from the NADH-diaphorase
system, succinoxidase system is involved in this reaction. 4. The coupling site of the succinate NT
reductase system with the terminal electron transport system in the JTC-3 cell groups also differs
from that in HeLa cells. Namely, in JTC-3 cell groups about 50% of the coupling occurs at the
step later than antimycin A sensitive step and the remaining 50 % most likely at the ubiquinone
step∼ whereas in the HeLa cell most of the coupling takes place at the step later than antimycin
A sensitive step. 5. Although there can be observed variations in the activity of the succinate
NT reductase, hardly any difference was observed among the JTC-3 cell groups in the rate of
the reduced NT amounts at several coupling sites, revealing that the change in the composition
of the culture medium does not bring about any essential change in the coupling sites and their
mutual activity rates of succinate NT reductase system. 6. Both endogenous NT reductase activity
and succinate NT reductase activity have been accelerated markedly by potassium cyanide. The
result indicates that in living cell the electrons are not transferred to NT at the level of cytochrome
oxidase and O2.
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As is well known, NT is used as an electron acceptor in biological redox
system, as it forms a water insoluble reddish purple compound in the reduced
state. The characteristics of the dye is advantageous for seeing histo- or cyto-
chemically the site where the reduction of the dye is induced. However, con-
cerning the reduction mechanism of this dye by the electron transport system
the different opinions may be expected among several authors. That is, some
authors are of the opinions that the dye is reduced by taking electron at the site
of cyt. b, coenzyme Q or flavoprotein, and the others cytochrome oxidase. This
discrepancy may be due to the differences in the treatment of materials used, i.
e. some of them use tissue sectionsl-'~ and some others tissue homogenates'-12 or
isolated mitochondrial3-l~. The observations on the living cells in culture may
lead to some different results, as it is thought that tissue sections, homogenates,
or isolated mitochondria may induce the damages of the original redox system
and the effect of the damaged system may be the results.
MATSUOKA16 observed the reduction of NT by using L cells and HeLa cells
in culture. Though he does not clearly show the point where the electrons are
transferred to the dye, he elucidated that in living cells under the highly oxyge-
nated environment electrons flow to oxygen without reducing the dye. This
seems to suggest that the dye competes with oxygen as the electron acceptor in
some point of electron transfer chain. The result seems to indicate that the
point of electron flow to the dye is altered by the environmental factors, though
the redox potential of the dye itself should be the most important factor. From
this point of view, the author observed the mechanism of electron transfer from
the electron transport chain to dye by using living cells cultured in the culture
media of varying components.
In this paper it is demonstrated that in living cells in culture, the dye
receives electrons at several definite sites, at flavoprotein, coenzyme Q and
cytochrome b,cl with a constant ratio in the reduced dye formation but not at
cytochrome oxidase, though of the amount the reduced dye is changed by the
133
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MATERIALS AND METHODS
JTC-3, JTC-3', JTC~3" and HeLa cells were used as materials. JTC3 cells
were of normal amniotic cells, cultured successively in the media of 8 volumes
of YLE solution (0.5 % lactalbumin hydrolysate and 0.1 % yeast extract dissol-
ved in Earle solution) and 2 volumes of bovine serum and 100 U/ml of penicillin
(pH 7.3-7.4). This cell strain has been kept by HAMAMoTo, MYOJO and KITA
MURAJ7•18 in our laboratory since 1957, and those of the 480th and 540th gene-
rations served as the materials.
JTC-3' cell is a subline of JTC-3 cell, cultured to about the lOOth genera-
tion in the medium of 0.35 % lactalbumin and 8.5 volumes of YLE solution
with 1.5 volumes of bovine serum. JTC-3" cell is also a subline of JTC-3 cell
and cultured in 8 volumes of LE solution (YLE solution without yeast extract)
mixed with 2 volumes of bovine serum up to about 80th generation. HeLa cells
were cultured in the same medium as that of original JTC-3 cells. Prior to the
use these cells were allowed to proliferate for 3 days in the rectangular culture
glass bottles (5 x 5 x 10 cm) and then treated for about 5 minutes with 200 H.U.
M. (Hemoglobin Unit of Mochida) of trypsin in Hanks' solution to detach them
from the vessel wall. The cells were washed by the Hanks' solution once by
centrifugation and resuspended in the medium. The suspension was pipetted
into small rectangular test bottles (3 X 3 X 6 cm) in equal volume, incubated at
37°C for 72 hours keeping ::>tationary. The number of the cells on the day of
experiment was 3 to 4 million cells per bottle, 3.5 million cells in mean. These
cells were used without detaching them from the glass walL The reagent
mixtures are indicated in Table 1. Removing the media, the reagent mixture
containing neotetrazolium chloride with or without inhibitor was added and
incubated at 37°C for one hour. For one series of experiment 22 bottles were
Table 1 Reaction medium used for incubation. For the basic observation the medium
was removed of inhibitor & ethanol. Succinate: from Katayama Kagaku Co.
NT: from Nutr. Biochem. Co. Inhibitor: Sodium malonate,
sodium amytal, antimycin A or potassium cyanide.
Reaction medium:
Sod. succinate solution (0.2 M) 0.4 ml.
or physiologic saline solution
Neotetrazolium chloride solution (0.2 %) 0.4 ml.
1/15 M phosphate buffer solution (pH 7.6) 0.4 ml.
Inhibitor 0.4 ml.
50 % Ethanol 0.04 ml.
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used; two for cell count and 20 for the determination of the dye. The 20 test
bottles were divided into two groups, 10 in each, one incubated with succinate
solution and the other with saline solution. These ten test bottles were further
divided into five groups, two in each. Four groups 'had their respective inhibi-
tors and the one saline. After incubation the reagent mixture Was removed by
washing with saline solution for three times, and the reaction was stopped by
adding 0.4 ml of 10 96 .formalin. Removing formalin solution, the dye was
extracted with 4 ml acetone-ether solution, 1: 1 in volume.
The extract was centrifuged and the contents of the dye in the supernatant
was measured by the spectrophotometer, Hitachi GPO-2 type.
The amount of the reduced dye was represented by the optical density per
107 cells. The inhibitors used were sodium malonate, sodium amytal, antimycin
A and potassium cyanide and their final concentrations are presented in Table 2.
Table 2 Final concentration of the inhibitors
* Ishizu Pharma. Co. ** Yamanouchi Seiyaku Co.
*** Kyowa Hakko Kogyo Co. **** Katayama Kagaku Co.
Inhibitor
Sod. Malonate (pH 7.6) *
Sod. Amytal (in 50 96 Ethanol) **
Antimycin A (in 50 % Ethanol) ***
Pot. Cyanide (pH 7.6) ****
Final Concentration
2.5 X 10-2M
1.0 X 1O-3M
17/ml
5.0 X10-3M
OBSERVATIONS AND RESULTS
Preliminary experiments Jor
the determination of cell charac-
teristzcs, incubation time and absorp-
tion maximum of the reduced dye:
The growth curve of JTC-3' cells or
the rate of cell proliferation was similar
to that of JTC-3, but a considerably
lower proliferation rate in JTC-3" cells
(Fig. 1). Both of JTC-3' and JTC-3"
cells cultured in the original medium
for the JTC-3 cells showed a similar
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Fig. 1 Proliferation curves of JTC-3 cell groups.
Filled circles: JTC-3 (480th generation),
Open circles: JTC-3' (97th generation),
Crosses: JTC-3" (72nd generation)
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growing rate as JTC·3 cells after 4 to 5 days' culture (Fig. 2). Chromosome
number revealed no differences among these 3 cell lines, JTC-3, and JTC-3'
and JTC·3" (Fig. 3).
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Fig. 2 Proliferation curves of JTC-3' (a) and JTC-3" Cb) cells in the
original and modified media
(a) line with solid circles; 97th generation in the modified media (see
text), line with crosses; returned to original media.
(b) line with solid circles; 72nd generation in the modified media (see
text), line with crosses; returned to original media.
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Fig. 3 Chromosomal studies of cultured cells
a: JTC-3 cell (474th generation) b: JTC-3' cell (81st generation)
c: JTC-3" cell (63rd generation)
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The optical density curve
obtained on the JTC-3 cells in-
cubated in the medium containing
succinate and NT without inhibi-
tors and ethanol revealed the
maximum absorption at 490 mp.
(Fig. 4).
Between the reaction time
and optical density a positive pro-
portionate relation was observed
by about 10 to 60 minutes (Fig. 5).
The amount of the reduced dye
observed daily after the incubation
of JTC3 cells in the same medium
as above proved that the highest
reduction of the dye occurred on
the 3rd day of culture (Fig. 6).
Incubation was made while'shak-
ing and without shaking, but no
difference was found in between
0.60
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Fig. 4 Absorption curve of nec-
tetrazolium diformazan formed
by incubating JTC-3 cells with
the reagent. The method: see
Text
120
Fig. 5 Relation between optical
density of the reduced NT and
the incubation time. JTC-3
cells were incubated with NT•
Method: see Text
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.... lI------X-- ---x
Days'
10 Fig. 6 The relation between the
proliferation rate (broken line
with crosses) and the amount
of reduced neotetrazolium chlo-
ride, optical density at 490 mIL
(solid line with filled circles)
both cases. On the basis of these results the further observations were carried
out on the cells cultured for 3 days and incubated for one hour with the dye
without shaking and the optical density was measured at 490 mll..
Observations on jTC-3 Cells: The quantity of reduced NT in the case
incubated without inhibitory agent was 0.143, whereas the respective quantities
on the addition of sodium amytal, sodium malonate, antimycin A or potassium
cyanide were 0.122, 0.162, 0.161, and 0.327. Taking the reduced NT quantity
in the case without inhibitory agent as 100 %, sodium amytal showed about
15 % inhibition, while sodium malonate and antimycin A hardly showed any
inhibitory effect but they rather accelerated the reduction of the dye. Potassium
cyanide showed a marked accelerating effect, about 130 % (Fig. 7 a). The quan-
tity of reduced NT in the cells incubated with sodium succinate was 0.231, and
with sodium malonate, antimycin A or potassium cyanide it was 0.183, 0.193
and 0.342, respectively (Fig. 7b). By reducing mathematicaily the level of the
activity of endogenous NT reductase from the level of that of NT reductase in
the presence of sodium succinate, the reduction rate of succinate was obtained.
Taking this as the basement level of succinate neotetrazolium reductase activity,
the inhibitory effect of the agents was calculated. Thus, the inhiditory effect of
both sodium malonate and antimycin A· was about 50 %, while potassium
cyanide was about 130 %, an accelerating effect (Fig. 7b).
In the cases where potassium cyanide and antimycin A had been added at
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Fig. 7 Effect of various inhibitors on the NT reduction by endogenous (a)
and succinate NT reductase system (b) of JTC-3 cells, + Amyt. ;
Amytal added, + Mal.; Malonate added, + A. A.; Antimycin A added
(a) (b)
Fig. 8 Effect of KeN and KCN plus antimycin A on
the neotetrazolium reduction
a: without succinate b: with succinate
+None +KCN +KCN
+A.A.
+None +KCN +KCN
+A.A.
150
the same time on one material
only a small inhibitory effect
of antimycin A was detected
on the NT reduction compar-
ing with the case potassium
cyanide alone was added (Fig.
Ba). But in the presence of ~
succinate the reduced NT ..t;:
quantity decreased to 124.2%, ~ 100g
about half of the level given ~
0:
by potassium cyanide alone
(Fig. Bb).
In the cells preincubated
with potassium cyanide at
room temperature 32°C, pro-
longation of incubation time
resulted in the decreased re-
duction rate of the dye (Fig.
9). This effect of preincuba-
tion with potassium cyanide was largely retarded at O°C, appearing slightly
after 40 minutes' incubation (Fig. 10). The cells incubated at room temperature
7
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Fig. 9 Effect of preincubatioll of the cells with potassium cyanide on the
neotetrazolium reduction. JTC-3 cells were incubated at room tempera-
ture, 32°C, (a) endogenous reaction, (b) added with sodium succinate
150
~
ll>
>.
Q 100 ~~
0
".",ll>
ll:
20 40 60
150
100 r-
OL-......L....1-II0-.IIII20'"-'4--0~6~0-
Minutes Minutes
(a) (b)
Fig. 10 Effect of preincubation with potassium cyanide on the neotetrazo-
lium reduction of JTC-3 cells at O°C, (a) endogenous reaction, (b)
added succinate
with potassium cyanide detached themselves from the vessel wall, a little after
20 minutes, and 60 minutes later practically all the cells fell off from the wall,
but those incubated at O°C were hardly detached.
Obset'vations on IT C-3' Cells: In the cells incubated with the medium
containing no succinate and no inhibitor the quantity of reduced NT was 0.236.
On the addition of sodium amytal, sodium malonate, antimycin A or potassium
cyanide, the values were 0.237, 0.271, 0.272 and 0.489, respectively (Fig. !la).
In the presence of succinate the quantity of reduced NT was 0.333 without
inhibitor and by adding sodium malonate, antimycin A or potassium cyanide
the values were 0.287, 0.281 and 0.466, respectively. When the value of endo-
genous NT reductase, 0.236, is subtracted from the value obtained on the addi-
tion of succinate, the value of succinate NT reductase is obtained. Calculating
this as the standard, the activity of succinate neotetrazolium reductase is found
to be inhibited by about 50 % in the presence of sodium malonate and antimycin
8
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A, while it is accelerated by about 130 % in the presence of potassium cyanide
(Fig. 11 b).
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Fig. 11 Effect of inhibitors on the NT reduction by NT reductase system
of JTC-3' cells
(a) without succinate, (b) with succinate, + Amyt., + Mal., +A. A.:
see Fig. 7
Observations on jTC-3" Cells: The quantity of reduced NT in the ab-
sence of succinate was 0.097. By adding the inhibitors, sodium amytal, sodium
malonate, antimycin A or potassium cyanide, the amounts of the reduced NT
were 0.068, 0.110, 0.101 and 0.222, respectively (Fig. 12a).
In the presence of substrate the reduced NT quantity was 0.256. On addit-
ing sodium malonate, antimycin A or potassium cyanide, the values turned out
to be 0.179, 0.173 and 0.392, respectively. The results indicate that the activity
of succinate neotetrazolium reductase is inhibited by about 50 % by sodium
malonate or antimycin A, and accelerated by about 85 % by potassium cyanide
(Fig. 12 b).
Observations on HeLa Cells: In the absence of substrate, the reduced
NT quantity of HeLa cells was 0.332 and by adding sodium amytal, sodium
malonate, antimycin A or potassium cyanide the values were 0.351, 0.303,
0.320 and 0.570, respectively (Fig. 13 a).
In the presence of succinate the reduced NT quantity was 0.392, and by
adding sodium malonate, antimycin A or potassium cyanide it was 0.327, 0.280
and 0.445, respectively (Fig. 13 b). Taking the reduced endogenous NT reduc-
tion, 0.332, into consideration, the inhibition of the reduction of NT in HeLa
9
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Fig. 12 Effect of inhibitors on the NT reduction by NT reductase system
of JTC-3" cells
(a) without succinate, (b) with succinate, + Amyt., +Mal, +A. A.:
see Fig. 11
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Fig. 13 Effect of inhibitors on the NT reduction by NT reductase system of
HeLa cells
(a) without succinate, (b) with succinate, + Amyt., + Mal., + A. A. ;
see Fig. 11
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cells was markedly higher than in the cases of JTC-3 cell groups, i. e. by
sodium malonate the reduction of the dye was inhibited to the level of endo-
genous reduction rate and by antimycin A it was reduced below the level.
Acceleration of the NT reduction by potassium cyanide was much less than that
in the cases of JTC-3 cell groups (Fig. 13 b).
DISCUSSION
The data presented so far indicate that the activity of endogenous NT reduc-
tase is much higher in living cells growing on the glass wall as compared with
those detached ones16, frozen sectioned tissues, homogenized tissues or isolated
mitochondria14• As revealed by histochemical studies, the activity of this enzyme
is solely located in mitochondria, though a slight reaction may be in cytoplasm?,
the low activity seen in the tissue homogenate, frozen section and others may
largely be due to the damage of mitochondria themselves by being dissociated
from the organized metabolic unit in the cell. Even in the living cells, however,
the activity of the enzyme, especially the endogenous NT reductase. shows a
marked variety according to the media used for cell culture, and the cell strains
employed. Very high values were attained in HeLa cells and relatively low
values in ]TC-3 cells. The lowered protein level in culture media resulted in
enhancement of the activity as can be seen in the cases of JTC-3' cells, and fall
of the activity in the absence of yeast extract as in JTC-3" cells. The results
indicate that the comparison of the enzyme activities among those cultured in
varying conditions or those of different cell strains are meaningless. It is reported
that in cancer cells the more dedifferentiated the cells are, higher lower is the
activity. HeLa cell may be more dedifferentiated one than JTC-3 cell.
As the coupling sites where the dye is reduced, the opinions vary among
the authors. The present experiment has shown that the coupling sites of NT
reduction in Hying cells are different from those found in isolated mitochondria,
and also different according to the cell strains. Fig. 14 shows a diagram of the
respiratory chain.
In the presence of antimycin A the endogenous reductase activity of JTC-3
cell group was not at all inhibited but rather accelerated, and in the presence of
amytal it was slightly inhibited. Consequently, in the internal mitochondrial
NADH-cytochrome reductase system (NADH-diaphorase) the dye seems to be
reduced at the lower step than the antimycin A sensitive one; most at flavopro-
tein step and partially at ubiquinone step. But the inhibition site of amytal is
between NADH and flavoprotein as revealed by CHANCE1Q, and the amount of
amytal sensitive NAD linked substrate is only 15 %. Consequently, the endo-
genous NT reduction in the intact cell will mainly be conducted by external
11
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Fig. 14 Diagrammatic representation of the respiratory chain from succinate
and NADH to 02. The broken arrows indicate the positions where the
inhibitors listed are taken to interact with the respiratory chain. The
broken lines show the possible locus of NT reduction for the purpose
of the discussion.
NT: Neotetrazolium chloride. Fd: NADH dehydrogenase (flavo-
protein). Fs: Succinate dehydrogenase (flavoprotein), NADH-(Fd-
Fe)-Q: NADH-ubiquinone Q reductase, Succinate-(Fs-Fe)-Q: Suc-
cinate ubiquinone Q reductase. Q-(b-q)-c: Ubiquinone QH2-cyt. c
reductase. c-(a-Cu)-02: Cytochrome oxidase
mitochondrial NADH-cytochrome c reductase. and other cytoplasmic reduction
systems. However, these cytoplasmic reduction systems will be linked to O2via
cytochrome oxidase, as a marked acceleration of the endogenous NT reduction
is induced by potassium cyanide. Thus, the excess electrons resulting from
cytochrome oxidase inhibition will accelerate the reduction of NT at the sites
of flavoprotein and ubiquinone. This process also explains that the accelerating
effect of cyanide on the NT reduction is insensitive to antimycin A.
In the conventional experiments conducted with tissue sections and homoge-
nates, there are many reports stating that oxygen acts inhibitorily on the NT
reduction, and anaerobic conditions tend to accelerate itu .9.16.2O. However, in
the presence of potassium cyanide, data are greatly at variance; namely, some
find it to accelerate the reduction slightly4.6·21 and some others claim it to have
no effect at all1,9.21, or to act as to inhibit the reduction6.7.9.12.16,22. The majority
of these reports are on the side of inhibitory action of potassium cyanide. For
the explanation of this phenomenon, it is said that as the results of cytochrome
oxidase inhibition by potassium cyanide the oxygen consumption in the liquid
phase is decreased, thus preserving aerobic condition of the reaction medium
resulting in the inhibition of NT reduction9. According to the present method,
the liquid phase being shallow and wide, the gas balance between the liquid
phase and the gas phase can be maintained constant and thus, changes in the
oxygen tension during the reaction can be disregarded. In addition, the fact
that the shaking of the reaction mixture gives no effect on the reduction rate of
the dye also seems to support this view. Therefore, it is deduced that the accele-
ration of NT reduction by potassium cyanide, just as under anaerobic condition,
is due to the inhibition of cytochrome oxidase which elicits an increased channel-
ing of electrons into the NT pathway.
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What differs from available reports seems to lie in the points that in the
present experiments fresh culture cells have been used instead of the sliced
tissues or homogenate. The lost interaction between cytoplasmic reduction sys-
tem and that in mitochondria will be responsible for the lowered enzyme activity
by KCN in the tissue homogenate and isolated mitochondria. As for the effect of
sodium malonate on the endogenous NT reduction, with the JTC-3 cell groups
it does not act inhibitorily but it rather accelerates somewhat. Although the
mechanism of this accelerating effect is obscure, it seems that in the endogenous
NT reduction of JTC-3 cell groups the succinoxidase system is hardly involved.
In contrast, in the case with HeLa cells, whose endogenous NT reduction has
been somewhat inhibited by sodium malonate and antimycin A, some antimycin
A sensitive succinoxidase system may be involved other than antimycin A in-
sensitive NADH·diaphorase.
The facts that sodium amytal in the presence of sodium succinate acts as an
uncoupler23, and the endogenous NT reduction in HeLa cells has been slightly
accelerated by 'sodium amytal, as just demonstrated, indicate that the succino-
xidase system to play a part in the endogenous NT reduction system of HeLa
cells. The activity of endogenous NT reductase in HeLa cells has proven to be
markedly higher than that of the JTC-3 cell groups, and the accelerating effect
of potassium cyanide on the NT reduction has been somewhat less. This fact is
also consistent with the view that in HeLa cells the endogenous NT reductase
activity involves two systems of reaction, NADH-diaphorase system and mito-
chondrial succinoxidase system.
In contrast to that of the endogenous NT reductase, the activity of the
succinate-NT reductase. which is markedly inhibited by sodium malonate, is
found to be highest in JTG-3" cells and lowest in HeLa cells.
In the case of the JTC3 cell groups, irrespective of the activities of succi-
nate-NT reductase, the reduction is inhibited about 50 % by antimycin A, while
it is markedly accelerated by potassium cyanide.
Consequently, the NT reduction in the presence of succinate as substrate
seems to occur prior to cytochrome oxidase step and about 50 % of it takes place
at the step upper than antimycin A sensitive step and the remaining 50 % at a
lower site than antimycin A sensitive step, probably coupling with ubiquinone.
Although considerable differences have been found in the succinate NT reductase
activities among JTG-3 cell groups, actually no difference has been found in the
quantitative ratio of the amounts of the reduced dye formed at several NT
reduction steps. This fact indicates that the change in the composition of culture
medium does not bring about essential changes in the succinate NT reductase
system. On the other hand, in HeLa cell the succinate NT reductase system is
completely inhibited by antimycin A, indicating that the NT reduction system
13
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in this cell strain is solely coupled with the system at an upper step than antimycin
A sensitive step. With HeLa cells the quantity of reduced NT with succinate as
substrate in the presence of antimycin A is less than that of reduced endogenous
NT. This again explains that the succinoxidase system is largely involved in
the reduction of endogenous NT in HeLa cells.
The succinate NT reductase system likewise has been accelerated markedly
by potassium cyanide. It seems that this occurs due to a mechanism similar to
that of potassium cyanide on the activity of endogenous NT reductase system.
From the fact that the succinate NT reductase activity of JTC-3 cells accelerated
by potassium cyanide is inhibited about 50 % by antimycin A, the acceleration
of NT reductase activity by potassium cyanide seems to occur 50 % each before
and after the antimycin A sensitive step. This signifies that the acceleration of
the NT reduction by potassium cyanide with succinate as substrate is not due to
the acceleration of endogenous NT reductase activity but it results mainly from
the oxidation of succinate. Furthermore, from the fact that the acceleration of
succinate NT reductase activity by potassium cyanide, without any connection
to the degrees of endogenous NT reductase activity, is increased by two-fold, it
can be understood that this phenomenon is nN due to the acceleration of the
activity of endogenous NT reductase.
Within mitochondria, as it is considered that the reaction rate of each step
should be regulated by an increase or decrease in the intermediates of electron
transport (cytochrome, flavin, NAD, etc.). it would be reasonably understood
that the culture environments have a great effect on the enzyme activity and the
strains of cells having different functions have the enzyme systems of different
characteristics specific to each cell strain.
SUMMARY
1. By using a monolayer of tissue culture cells, JTC-3, JTC-3', JTC-3"
and HeLa cells, the assays of neotetrazolium (NT) reduction at the cell level
have been conducted on the cells without detaching the cells from the culture
glass vessel wall.
2. It has been found that the activity of endogenous NT reductase is ex-
tremely high in the living tissue culture cells. The endogenous NT reductase
activity is found to be in the descending order of HeLa> ]TC-3' > JTC-3 >
JTC-3". The endogenous NT reductase activity increased in the medium hav-
ing a low level of proteins and decreased in the absence of yeast extract.
3. It has been demonstrated that most of the endogenous NT reduction
in the JTC-3 cell groups takes place at the step of flavoprotein in the NADH-
diaphorase system, and a portion of it occurs being coupled with the ubiquinone
14
Acta Medica Okayama, Vol. 19 [1965], Iss. 3, Art. 3
http://escholarship.lib.okayama-u.ac.jp/amo/vol19/iss3/3
NT as an Electron Acceptor 147
step. In contrast, in HeLa cell it is p:>stulated that aside from the NADH-dia-
phorase system, succinoxidase system is involved in this reaction.
4. The coupling site of the succinate NT reductase system with the termi-
nal electron transport system in the ]TC-3 cell groups also differs from that in
HeLa cells. Namely, in ]TC·3 cell groups about 50 % of the coupling occurs at
the step later than antimycin A sensitive step and the remaining 50 % most
likely at the ubiquinone step~ whereas in the HeLa cell most of the coupling
takes place at the step later than antimycin A sensitive step.
5. Although there can be observed variations in the activity of the succi-
nate NT reductase, hardly any difference was observed among the ]TC-3 cell
groups in the rate of the reduced NT amounts at several coupling sites, reveal-
ing that the change in the composition of the culture medium does not bring
about any essential change in the coupling sites and their mutual activity rates
of succinate NT reductase system.
6. Both endogenous NT reductase activity and succinate NT reductase
activity have been accelerated markedly by potassium cyanide. The result indi-
cates that in living cell the electrons are not transferred to NT at the level of
cytochrome oxidase and O2,
ACKNOWLEDGEMENT
The author wishes to express profound thanks to Prof. HAMAMOTO for his kind guidance
and assistance, and to Prof. SENO, Department of Pathology for his valuable advices and revi-
sion throughout this work. Acknowledgement is also due to Assist. Prof. KIMOTO, Dr. KITAMURA,
Instructor, Dr. BABA of Central Laboratory, Pro£. ODA and Assist. Prof. Utsumi of Cancer
Institute, for their kind advices and suggestions.
Thanks are also due to the fellow workers, Dr. SATO, Dr. INABA and Dr. TOBIUME, both
of Postgraduate School, Miss NAKAYAMA, Miss KAWATE, and Miss TAKENo, for their technical
assistance. Last but not least, a.:knowledgement is made to my wife, YUKJE, for her encourage-
ment and untiring daily cooperation on this work.
REFERENCES
1. JAkDETZKY, C. D. and GLICK, D.: XXXVIII. Determination of succinic dehydrogenase in
microgram amounts of tissue and its distribution in rat adrenal. ]. Bioi. Chem. 218, 283,
1956
2. NACHLAS, M. M. et al.: Cytochemical demonstration of succinic dehydrogenase by the
use of a new p-nitrophenyl substituted ditetrazole. ]. Histochem. and Cytochem. 5. 420,
1957
3. PEARSON, B.: Improvement in the histochemical localization of succinic dehydrogenase by
use of nitroneotetrazolium chloride. ]. Histochem. and Cytochem. 6, 112, 1958
4. OKAZAKI, H.: Histochemical and biochemical studies on the respiratory enzymes. Part 1.
The reduction mechanism of tetrazolium salts by the respiratory enzyme system. Okayama
I gakkai Zasshi 71, 3608, 1959 (in Japanese with English abstract)
5. NACHLAS, M. M. et al.: Sites of electron transfer to tetrazolium salts in the succinoxidase
15
Manabe: Neotetrazolium salt (NT) as an electron acceptor in living cell
Produced by The Berkeley Electronic Press, 1965
148 T. MANABE
system. ]. Biol. Chem. 235. 2739, 1960
6. SHELTON. E. and RICE. M. E.: Comparison of the reduction of two tetrazolium salts ",ith
succinoxidase activity of tissue homogenates. ]. Nat. Can. Inst. 18, 117, 1957
7. ODA, T, and OKAZAKI, H.: An analytical study on the reduction of neotetrazolium chloride
by the terminal electron transport system. Acta Med. Okayama 12. 193, 1958
8. SLATER. T. F. and PLANTEROSE, D. N.: Studies on the particulate components of rat mam-
mary gland. Biochem. ]. 74, 584, 1960
9. SLATER, T. F.: Studies on a succinate neotetrazolium reductase system of rat liver. II.
Points of coupling with the respiratory chain. Biochim. BioPhys. Acta 77. 365, 1963
10. SLATER, T. F., et al.: Studies on succinate-tetrazolium reductase systems. Ill. Points of
coupling of four different tetrazolium salts. Biochim. Biophys. Acta 77, 383, 1963
11. MIURA, Y., et al.: VII. Effect of ubiquinone and vit. K~ on succinate and a-glycero-
phosphate-neotetrazolium reductase. ]. Biochem. 52, 43, 1962
12. KAMIN, H., et al.: Reduction of neotetrazolium by succinate, isocitrate and ,8-hydroxy-
butyrate in water homogenate of guinea pig kidney. Fed. Proc. 16. 202, 1957
13. LESTER, R. L. and SM ITH, A. L.: XXVIII. The mode of reduction of tetrazolium salts by
beef heart mitochondria; Role of coenzymeQ and other lipids. Biochim. Biophys. Acta
47, 475, 1961
14. ODA, T., et al.: Analytical studies on the colorimetric estimation of the activity of succi-
nic dehydrogenase system with neotetrazoliumchloride. Okayama Igakkai Zasshi 70, 123,
1958 (in Japanese with English abstract)
15. OKUI, S., et al.: Chemical properties and enzymatic reduction of NT. ]. Biochem. 53,
500, 1963
16. MATSUOKA, 1., et al.: The effect of oxygen tension on tetrazolium reduction by respiratory
enzyme systems of tissue culture cells. Acta Med. Okayama 17, 221, 1963
17. HAMAMOTO, E., et al.: The successive culture method of human amniotic cell and the
establishment of a new strain of cell (H cell). Medicine and Biology 48, 221, 1958 (in
Japanese)
18. MyoJo, M.: The establishment of a new strain of human amniotic cell (H cell) in tissue
culture. Paediat. Japonica 1, 26, 1958
19. CHANCE, B. and HOLLUNGER, G.: The interaction of energy and electrontransfer reactions
in mitochondria. IV. The pathway of electrontransfer. ]. Biochem. 236, 1562, 1961
20. ODA, T. et al.: Histochemical and cytochemical studies on the succinic dehydrogenase sys-
tem with three ditetrazolium salts, NT, nitro-NT, and nitro-BT. Acta Med. Okayama
13, 31, 1959
21. ROSA, C. G. and VELARDO, ]. T.: Histochemical demonstration of succinic dehydrogenase
activity in tissue sections by a modified technique. ]. Histochem. and Cytochem. 2, 110,
1954
22. ODA. T.: 1. Analytical studies on the colorimetric estimations of the activities of the suc-
cinic dehydrogenase system and cytochrome oxidase. Symposia for the Soc. of Cell.
Chem. 8, 157, 1958
23. PUMPHREY, A. M. and REDFEARN, E. R.: Inhibition of succinate oxidation by barbiturates
in tightly coupled mitochondria. Biochim. Biophys. Acta 74, 317, 1963
16
Acta Medica Okayama, Vol. 19 [1965], Iss. 3, Art. 3
http://escholarship.lib.okayama-u.ac.jp/amo/vol19/iss3/3
